ABSTRACT : An experiment was conducted to determine the influence of dietary inorganic (copper sulfate) and organic (copper proteinate) forms of copper and energy level on performance and nutrient utilization of broiler chickens. Two hundred day-old commercial Vencobb broiler chicks were purchased and randomly distributed to 20 cages of 10 birds each. These replicates were randomly assigned to one of five treatments in a ((2×2)+1) factorial arrangement. These two factors were sources of Cu (CuSO 4 vs. Cuproteinate) and dose of Cu supplements (200 mg and 400 mg/kg dietary dry matter) and the control (no supplemental Cu). After the starter period (up to 3 weeks), from d 22 onwards another factor i.e. energy at two levels (2,900 vs. 2,920 kcal/kg diet) was introduced with the previous factorial arrangements by subdividing each replicate into two equal parts, for two energy levels, without disturbing the dose and source of Cu supplement. Cu-salt supplementation linearly increased (p<0.01) live weight (LW), live weight gain (LWG) and feed conversion ratio (FCR) at 3 weeks, whereas cumulative feed intake (CFI) was unaffected (p>0.05). LWG and FCR were higher (p<0.01) in Cu-proteinate supplemented birds compared to CuSO 4 supplementation. A linear dose response (p<0.01) of Cu was found for the performance of broiler chickens. Birds having a higher energy level in the finisher stage increased (p<0.01) LWG and FCR. Cumulative feed intake was similar (p>0.05) across the groups up to the 5 th week. Cu-proteinate increased performance of broiler chickens compared to CuSO 4. Dose of supplemental Cu-salt irrespective of source showed a linear response (p<0.01) for performance. Supplementation of Cu-proteinate increased metabolizability of DM (p<0.01), NFE (p<0.05), total carbohydrate (p<0.01) and OM (p<0.01) at the starter period. Increased dose of Cu-salt linearly increased (p<0.01) metabolizability of DM, CP, CF, NFE and OM. Higher energy level in the diet improved DM (p<0.05), EE (p<0.01), NFE (p = 0.01), total carbohydrate (p<0.01) and OM (p<0.01) metabolizability. Cu-proteinate supplementation showed better nutrient utilization compared to CuSO 4 . Dose of Cu linearly increased DM, CP, EE, NFE, total carbohydrate and OM metabolizability. CF metabolizability was unaffected (p>0.05) among the treatments. In conclusion, dietary supplementation of Cu-salt more than the requirement may improve performance and nutrient utilization in broiler chickens even with a high energy finisher diet. Cu-proteinate showed better performance and nutrient utilization compared to CuSO 4 .
INTRODUCTION
The essentiality of copper for poultry and livestock is well documented (Davis and Mertz, 1987) . Cu is an essential mineral which serves as co-factor in many enzyme systems in the body. Cu-sulfate (CuSO 4 . 5H 2 O) is the most commonly used dietary Cu supplement. Copper in the form of Cu-sulfate improves growth rate and feed efficiency in broilers (Choi and Paik, 1989; Baker et al., 1991) and in pigs (Roof and Mahan, 1982; Edmonds et al., 1985; Cromwell et al., 1989) at supernormal level (125 to 250 mg/kg). Growth promoting effect of dietary Cu has been attributed to its antimicrobial action (Fuller at el., 1960; Bunch et al., 1961; Burnell et al., 1988) . Improved availability of Cu from organic Cu complexes compared with the commonly used Cu salts recently has been suggested. Chelates, complexes or proteinates are the organic form of Cu and are usually considered for use in animal diet as alternatives to inorganic Cu source. More bioavailability of Cu is probably due to better absorption, which enhances its efficiency (Downs et al., 2000; Yu et al., 2000; Guo et al., 2001 ). Baker and Ammerman (1995) reported that relative bioavailability estimate of organic Cu sources ranged from 88% to 147% of the response to cupric sulfate in poultry, Swine, sheep and cattle. Improvements inhave been reported in young pigs fed diet containing added Cu. Studies by Dove and Haydon (1992) and Dove (1995) have indicated that addition of 250 mg Cu/kg improved digestibility and utilization of the fat of weaned pigs, but results have limited and inconclusive for chickens when Cu added to the feed fortified with oil.
To increase the energy level in the finisher diet and to obtain higher weight of a broiler chicken, oil and fat are used because of its high energy content. Soybean oil which stimulates growth rate, when included in poultry diet (Nitsan et al., 1997 ) is most commonly used oil source in Indian condition. Unsaturated vegetable fats (like soybean oil) are more energetic than saturated animal fat. Therefore, the main objective of this study was to investigate the influence of level of dietary inorganic and organic forms of Cu and energy level on performance and nutrient utilization of broiler chicken.
MATERIALS AND METHODS

Birds and experimental design
A total of 200 d old Vencobb broiler chicks purchased from a commercial supplier was used in this experiment. The chicks were individually weighed and allocated to 20 cages of 10 birds each, so that each cage had birds with similar (p>0.5) average weight. These cages were randomly allotted to five treatments of four replicate in a ((2×2)+1) factorial arrangement. These two factors were source of Cusalt (inorganic CuSO 4 vs. organic Cu-proteinate) and dose of Cu supplements (200 and 400 mg/kg dietary DM) and one control (no supplemental Cu). After starter period (0 to 3 weeks), from d 22 onwards each treatment were again subdivided into two, resulting 40 replicate with 4 birds each (2 birds slaughtered at d 21 from each replicate) for addition of soybean oil (SBO) at the rate of 4% of diet. Here the experimental design was converted to ((2×2×2)+2)) factorial arrangement, where the new factor was energy level (2,900 vs. 2,900 kcal/kg) with two controls having two different energy level.
Supplementation of SBO and graded dose of Cu in the diet
The starter and finisher diets of the experiment were formulated to meet or exceed the nutrient requirement as per Bureau of Indian Standard (1992) . Ingredient and chemical composition of all the basal diets were presented in Table 1 and 2. Starter feed was given to the birds up to 3 weeks and finisher feed from 4 to 6 weeks. ,000,000 U; Xylanase, 10,000,000 U; β-Glucanase, 700,000 U; α-Amylase, 700,000 U; protease, 3,000,000 U; pectinase, 70,000 U; phytase, 40,000,000 U. (Singh and Panda, 1996) .
<1,500 Da, minimum assay 15%). To prepare the graded dose of Cu both in starter and finisher diet, 0.785 g and 1.571 g of CuSO 4 /kg feed and 1.333 g and 2.667 g of Cuproteinate/kg feed was mixed with premix (required major and trace mineral without Cu) and subsequently prepared the complete diet. In the finisher diet SBO was added with the diet at 4% level to prepare diet with two energy levels (2,898 vs. 2,920 kcal/kg).
Housing and management
Chicks were housed in a battery type California cages which were cleaned thoroughly with formaldehyde and potassium permanganate solution three days prior to arrival of birds. The d old chicks were offered electrolyte solution upon arrival. Birds were maintained on a 24 h constant light schedule. The brooding temperature was maintained close to their requirement, first by heating device for 3 days following arrival of chicks. Then no additional heating was required as the summer room temperature was found appropriate up to 3 weeks and finally by turning cooler fan during day time for the last 3 weeks of rearing period. The birds were vaccinated against Ranikhet disease and Infectious Bursal Disease on d 7, 14 and 21 and provided antibiotic for the first 5 days as per recommendation.
Details of the feeding regimens
The chicks were offered maize soybean meal based diet (broiler starter and broiler finisher in mash form). These diets were formulated to meet or exceed the BIS (1992) nutritional requirement of broiler chicken. The diets were fortified with mineral and vitamin premix as per the standard stipulated by the Bureau of Indian Standard for broiler chickens (1992) . Total amount of feed offered during 24 h to a replicate under a specific treatment groups was divided into 3 equal proportions. The amount and timing of feed was adjusted in such a way that the birds consume the whole of the diet offered at any one time. As a result hardly any residue can be obtained from the replicate after a days feeding. These ensured the consumption of the mineral elements that might have been precipitated in the dust portion of the feed.
Record keeping
Body weight was recorded at the initial day followed by at weekly interval upto 6 weeks before offering feed. Mortality was recorded as it occurred. Body weight gain and feed intake were obtained by calculation. Feed conversion ratio (FCR), feed intake to live weight of birds was recorded at weekly intervals. Separate records of feed intake of birds during metabolic trial were kept for last 3 days of starter (19-21 d) and finisher (40-42 d) period. Excreta were collected and recorded its weight.
Metabolism trial
Two metabolic trial of 3 days duration were conducted at the end of 3 rd and 6 th week of feeding trial. During the metabolic trial total amount of feed consumed and total amount of excreta voided from each replicate of the individual experimental group was quantified. The excreta from each replicate was collected in a previous weighed clean and dry petridish and was oven dried at 100±2°C for subsequent estimation of DM, organic nutrients. A part of weighed excreta from each replicate was preserved in concentrated H 2 SO 4 (Minimum assay 98%) for estimation of nitrogen fraction.
Chemical analysis of feed and faeces samples
The dietary ingredients and faeces were dried at 70°C for 12 h in a hot air oven and ground to pass through a 1 mm sieve, were analyzed for DM, total Ash and Organic Matter (OM), Crude Fibre (CF), Ether Extract (EE), Nitrogen Free Extract (NFE) and total carbohydrate (AOAC, 1995) . Calcium, Mg, Cu, Zn, Mn and Fe concentration of feed samples were determined by Flame Atomic Absorption Spectrophotometer (A Analyst 100, Perkin-Elmer Inc., USA). Phosphorous (P) in the feeds were determined colorimetrically (AOAC, 1995) .
Statistical analysis
The experiment was divided into two parts i.e. starter and finisher. There were two factors up to 3 weeks i.e. salt and dose of Cu but another factor i.e. level of energy was introduced after 3 weeks. So up to 3 weeks data were collected and were analyzed by General Linear Model of SPSS (1997) with replicates as experiment units. Data obtained during this period were analyzed separately to determine the main effects of Cu-salt and dose of supplemental Cu at 21 day. Salt and dose interaction was also determined. For this, Cu salt and dose were used as fixed factor in this model. Polynomial contrast (linear and quadratic) was applied to determine the effects for different dose levels (0 vs. 200 and 400 mg/kg) of supplemental Cu. Data of finisher phase were analysis by the same model to determine the main effect of energy, Cu salt and dose of supplemental Cu, where salt, dose and SBO was taken as fixed factor. Salt×dose and salt×dose×energy interaction were estimated. A probability of p<0.05 was considered to be statistically significant.
RESULTS
Performance
Performance of broiler chicken supplemented with two sources of Cu-salt (CuSO 4 and Cu-proteinate) during starter and finisher period were presented in Table 3 and 4 respectively.
Starter period
Main effect of supplemental Cu salt (p<0.01) was found at 3 week in respect to live weight (LW), live weight gain (LWG) and feed conversion ratio (FCR) whereas, cumulative feed intake (CFI) were not affected (p>0.05) by the Cu-salt. Live weight gain and FCR was higher (p<0.01) in Cu-proteinate supplemented birds compared to CuSO 4 supplementation. A linear dose response (p<0.01) of Cu was found for the performance of broiler chickens. Four hundred mg Cu/kg feed was given better performance than 200 mg Cu/kg irrespective of source. The dose response was also quadratic for LWG (p<0.01) and CFI (p<0.05). Salt×dose interaction was found for LW (p<0.05) and LWG (p<0.05) at 3 weeks.
Finisher period
Live weight gain and FCR was increased (p<0.01) when energy level was increased in the finisher diet. Cumulative feed intake was similar (p>0.05) across the groups up to 5 th week. The main effect of energy on FCR was found from 4 th week onwards which was evidenced from the compare of two controls (2,900 vs. 2,920 Kcal/kg) where FCR was 1.95 and 1.86 respectively. Copper proteinate increased performance of broiler chickens compared to CuSO 4. Increased dietary energy level decreased CFI as expected. Dose of supplemental Cu-salt irrespective of source showed linear response (p<0.01) for performance. Two hundred mg/kg supplemental Cu with high energy diet showed better (p<0.01) FCR compared to birds not supplemented with Cu. Source×dose interaction (p<0.01) was found at 5 th week for all parameters studied under performance except CFI. Energy×salt interaction (p<0.05) was noted for LW (6 week) and LWG (6 week). Energy×dose interaction (p<0.05) was found only in LWG at 5 th week. Energy×dose interactions (p<0.01) was observed for CFI and FCR at 6 week. Energy×source×dose interaction was found for 5 th week FCR (p<0.05). Energy×source×dose interaction (p<0.01) was also present for CFI (p<0.01) at 6 th week.
Effect on nutrient metabolizability
Starter period : Nutrient intake and metabolizability coefficient of broiler chicken supplemented with two sources of Cu and different energy level were presented in Table 5 and 6. Supplementation of Cu-proteinate increased metabolizability of DM (p<0.01), NFE (p<0.05), total carbohydrate (p<0.01) and OM (p<0.01) at d 21. Increased dose of Cu-salt in the feed showed a linear increased (p<0.01) in metabolizability of DM, CP, CF, NFE and OM. Quadratic effect were also found (p<0.01) for DM, EE and OM. No significant salt×dose interaction was found for the metabolizability of the nutrients at d 21. Supplementation of Cu-proteinate at 400 mg/kg showed highest DM (0.74), OM (0.76) and total carbohydrate (0.75) metabolizability.
Finisher period : Increased level of energy in the diet improved DM (p<0.05), EE (p<0.01), NFE (p = 0.01), total carbohydrate (p<0.01) and OM (p<0.01) metabolizability. Cu-priteinate supplementation showed better nutrient utilization compared to CuSO 4 . Highest DM metabolizability (0.80) was found in birds supplemented with 400 mg Cu-proteinate/kg with higher energy. EE metabolizability also improved (p<0.01) in Cu-proteinate supplemented birds compared to CuSO 4 . Linear dose response (p<0.01) was found for DM, CP, EE, NFE, total carbohydrate and OM metabolizability. Intakes of all the nutrients were varied (p<0.01) among the treatments as was expected. Metabolizability of CF was unaffected (p>0.05) among the treatments. Quadratic dose response (p<0.01) was noted for DM, OM, total carbohydrate and NFE metabolizability. Energy×salt interaction (p<0.05) was found in DM intake, CP intake and OM intake. Energy×salt interaction (p<0.01) was found for NFE, total carbohydrate and EE intake. Energy×dose interaction (p<0.05) was found in CP metabolizability. Energy×dose interaction (p<0.01) was noted in NFE and total carbohydrate metabolizability. Salt×dose interaction (p<0.05) was found for EE intake and OM intake. Intake of OM, NFE, EE and CP was affected by energy×salt×dose interaction (p<0.01).
DISCUSSION
In some of the previous studies Cu from cupric citrate (organic source) increased BWG in broiler at 125 mg/kg (Pesti and Bakalli, 1996) or lower levels 100 mg/kg Cumethionine (Paik, 2001) . Average body weight was increased at 35 days onwards in Cu supplemented groups compared to control (Ewing et al., 1998) . The increased in CFI of birds fed dietary Cu-Met chelate during 1-5 week resulted in FCR closed to control up to 150 mg but an improvement at the higher level 200 mg/kg (Chowdhury et al., 2004) . These findings are consistent with the present findings. In previous studies birds showed improved FCR in broilers when Cu was supplemented (Paik et al., 1999; Paik et al., 2000; Paik, 2001) where weight gain was the determining factor. In other study, Fox et al. (1987) reported no effect on weight gain and feed conversion even with 500 mg/kg level of CuSO 4 in broilers. On the other hand Wang et al. (1987) observed growth depression with little effect on feed conversion at the same dietary level. Cu functions biochemically as a component of several Cu dependent enzymes and as a cofactor for numerous other enzymes (Zapsalis and Beck, 1985; Sorenson, 1987) . It is possible that high dietary Cu concentration enhance growth of broiler chicken by stimulating activities of the enzymes involved in nutrient utilization. Lim and Paik (2006) found dietary supplementation of 100 ppm Cu-methionine chelate increased the performance of layer compared to control. In the present investigation, Cu supplementation up to 400 mg/kg from Cu-proteinate showed better performance compared to CuSO 4 which supports the previous findings. This finding indicates Cu-proteinate has the ability to improve performance in broiler chicken over CuSO 4 supplementation due to its better absorption than CuSO 4 .
Supplemental SBO at the rate of 3% in the diet improved LWG (6.9%, p<0.05) than the diet containing 0% SBO (Nitsan et al., 1997) . They also observed higher LWG (3.4%) in group of broilers fed 6% SBO than 3% SBO added diet. Franco et al. (1996) found that inclusion of SBO (3%) in the diet improved LWG significantly (p<0.05) of broilers during 22-49 days of age. Campos et al. (1987) found that although there were no significant difference among the groups of broiler but weight gain increased with the increasing amount of fat (1.25, 2.50 and 3.75%) in the diet. Above 6% SBO containing diet increased the LWG of broilers, might be due to the higher ratio of protein and energy (Ali et al., 2001) . Feed conversion efficiency was increased with increased level of SBO up to 6% but with higher level (e.g. 8 and 10%) the FCR were decreased. Franco et al. (1996) and Nitsan et al. (1997) stated that feed conversion efficiency improved (p<0.05) with addition of 3% SBO in the diet. In addition to its direct energy contribution, fat is also reported to enhance feed efficiency via an "extra caloric" effect. This effect has been observed in both chicks (Vermeersch and Vanschoubroek, 1968) and poults (Jensen et al., 1970) . In the present investigation SBO was used 4% of the diet, which increased its energy content resulting, higher FCR. Ewing et al. (1998) suggest that under commercial condition average BWG is a better indicator of effectiveness of Cu supplementation than FCR because calculation of adjusted FCR is not routinely practiced in the industry but in the present study FCR was calculated considering the mortality. Addition of Cu improved nitrogen retention which can be compared with results from Dove (1995) , Braude (1965) , Castell and Bowland (1968) . Zhou et al. (1994ab) demonstrated that Cu given by either intravenous or oral intake increase plasma mitogenic activity (mitogenic peptides, an indicator of blood growth factor activity) in weanling pigs and numerically increased pituitary growth hormone mRNA concentration. Cu also had been shown to stimulate growth hormone secretion from bovine pituitary explants in vitro (LaBella et al., 1973) . Therefore it is possible that Cu enhance protein retention and protein synthesis by stimulating hormone and growth factors in broiler chickens. The addition of Cu increase metabolizability of oil used in this trial, indicating that Cu played a role in the utilization of vegetable oil. This may indicated that birds needed additional Cu in the diet to efficiently digest supplemental vegetable fat. The improved fat metabolizability resulting from Cu addition would lead to the increased absorption of fatty acid and fat soluble vitamins and affects other aspect of nutrient metabolism in the body and therefore stimulate growth of broiler chickens. Improvement of fat metabolizability due to Cu addition may be partially due to increase lipase and phospholipase activity in the small intestine.
Addition of oil increased energy content leading to improved DM metabolizability which contradicts the previous findings (Dove, 1995; Cera et al., 1988; Li et al., 1990) who reported decreased DM metabolizability in pigs. In the present experiment, SBO was used as a fat source and its supplementation significantly increased fat metabolizability in broiler chicken. From the result it is apparent that Cu may be supplemented in the feed of broiler chicken more than the requirement to improve performance and nutrient utilization as evident from the FCR, LWG and nutrient metabolizability. As supplementation of oil is commonly practiced by the industry to increase the energy content in finisher stage, so it can be said that Cu can be supplemented to improve the performance of broiler chicken. Cuproteinate showed better performance and nutrient utilization compared to CuSO 4 . However, further trials are warranted to consolidate the present findings and cost effectiveness of using Cu-proteinate.
